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SUMMARY “

A sumary has been made of available data on the characteristics
of airfoil sections with trailing-edge high-1ift devices. Data for
plain, split, and slotted flaps are collected and mnalyzed. The effects
of each of the variables involved in the design of the various types of
flap are exemined end, in cases where sufficient data are given, optimum
configurations are deduced. Wherever possible, the effects of airfolil
section, Reynolds number, and leading-~edge roughness are shown. For
single and double slotted flaps, where & great mass of unrelated data
are available, maximm 1ift coefficients of a large number of configu-
rations are presented in tables. '

IRTRODUCTION

A rather large amount of data on the section aerodynemic character-
istics of trailing-edge flaps has been obtained during the course of the
last seversal years. Some of the data have been obtained as a part of a
general program on the investigation of these characteristics but a large
amount, particularly that obtained during the war, has of necessity been
directed toward the development of -high-1ift devices for specific alr-
planes and as a result is generally unrelated to the over-all program.
This paper is prepared with a view of collecting and correlating, insofar
as possible, the data that are available for the purpose of providing
a guide for the selection of the type or size of high-1ift device for
specific applications and for showing, if possible, means for predicting
the characteristics of configurations which have not been specifically
tested.

In some few cases, the only data available to show the effects of
fundamental flap design parameters were obtained on rectangular wings
of constent section and of aspect ratio 6. In all other cases, only
section data have been included in this paper, both in en attempt to
keep the size of the paper below a ressonsble limit and because of the
fact that the application of the section data to finite span wings can
be considered a separate problem. For this reason, no data are shown
on the effects of flap tips, on cut-outs, on (uselage interference, or
on slipstream effects. No detalled analyses have been made on the
effects of these flap characteristics on the performance of;aifplanes-
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Although the requirements of good high-1ift devices are fairly well
known, a short summary of the more important characteristics will be
presented here. The increase in maximum 11ft coefficlent is the primary
function of flaps, and generally the effects of flaps on other character-
istics must be considered as secondary results of this increase in
maximum 1ift.

Flaps and other high-1lift devices were first put into use for landing
airplenes in small airfields with nearby obstructions without penelizing
high-speed performance. The recent use of higher and higher wing loadings
has made the need for these devices even more acute and has presented
the necessity for using high-1ift devices during take-off as well as
landing. For take-off, a high maximum 1ift is desirable but must be
accompanied by low drags. For landing, the highest maximum 1ift possible
is desirable for decreasing the landing speed and some additionel drag
is useful for steepening the glide path for landings over high obsiructions.
Recent flight tests (reference 1), however, have shown that the pilot's
Judgment is seriously impaired 1f the rate of descent during landing is
greater than about 25 feet per second. Too high a drag coefficient there-
fore cannot be tolerated.

In addition to these fundamental requirements, the flap should be
such that in its retracted position it adds as little as possible to the
drag of the wing. High pitching-moment coefficients are undesirable
both because of the structural requirements of the wing and because of
the fact that the down load on the tail required to trim out the pitching
moment detracts from the 1ift of the wing. Low aerodynemic loads on
the flaps are desirable both from strength considerations and operating
requirements. Both the pitching moments and the flap loads are a
direct result of the same phenomena that produce the 1ift, however, and

for a given type of flap very little can be done to reduce either of
these.

SYMBOLS

c airfoil chord

bd distence along airfoil chord

Cg slot-1ip extension, distence along chord line from leading
edge to end of slot lip, fraction of alrfoil chord

Cp flap chord, fraction of airfoil chord

Cy vane chord, fraction of airfoil chord

E ratio of flap chord to total airfoil chord
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t/c
CL

CLnax

¢ lmax

Acy

clmaxopt

Bey
maxopt

airfoil thickness ratio

1ift coefficient

maximum 1ift coefficient

section 1ift coefficient

design section 1ift coefficient

meximum section 1ift coefficient

increment of meximum section 1lift coefficient

optimm maximum section 1lift coefficient, highest maximum
1ift coefficient measured for a given airfoil-flap

cambination

optimm increment of meximum section 1ift coefficient

stream dynamic pressure

coefficient of pressure difference across airfoil (Sy - S,

where Sy and Sp, are surface pressure coefficients on

the upper and lower surfaces of the airfoil at a given
point along the chord)

variation of hinge-moment coefficient with flap

flecti 1 don
deflection T

veriation of hinge-moment coefficlent with 1ift

coefficient (gch/dci)

variation of flap normal-force ccefficient with flap
deflection @cn/dﬁ)

variation of flep normal-force coefficient with 1ift
coefficient (dcp/dey

drag coefficient
sectlon drag coefficient
section pitching-moment coefficient

section flap hinge-moment coefficient
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Achf increment of section flap hinge-moment ccefficient

Cnp section flap normal-force coefficlent

Acpe increment of section flap normal-force coefficient

S5p flap deflection

5¢ " flep deflection at which highest meximum 1ift coefficient

op is measured

Sy vane deflection

Xf, ¥f horizontal and vertical positions of flap leading edge
(figs. 24 and L40)

Xyy ¥y horizontal and vertical positions of veane leading edge
(fig. L0)

R Reynolds number

A aspect ratio

FLAP THEORY

The basic theoretical treatment of the effects of flaps on the
characteristics of airfoils was made by Glauert (references 2 and 3)
by an extension of the thin-airfoil theory. This analysis led to
expressions by which the 1ift, pitching moment, and flap hinge moments
can be calculated. This thin-airfoil theory gives the value of the
pressure difference at any point x along the chord for the airfoil
with flap deflected in terms of the stream dynamic pressure q as:

(- -]
[ﬂ(l + cos 9)} <: T - 60t> 85 sin nf, sin nd
P=| 0| (a+ 5) + E
sin 6 L . nn

n=1

and for the flap neutral cese:

P 4L(1 + cos 8)
= (o}
1 sin 6

The incremental load distribution caused by flap deflection is then

[--]
4(1 + cos 8)(n - 8;) "7 8 sin nfg sin nd
Py = + e}

X sin @ a=1 nmn
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where

2] =-cos'l<g - 2%)
c

a angle of attack measured to undeflected part of chord line
x distance along chord from leading edge

@, value of 8 at flap hinge

o]
cos 6,5 = -(1 - 2E)
sin 85 = 2VE(1 - E)
c
£

& flap deflection

Definitions of the paremeters a«, 5, and E are shown in figure 1.
This incremental load distribution may now be considered as the sum of

M

two components, an incremental additional distribution and an incremental

basic distribution thus:

_ [}(n - 8o)(1 + cos 8)

P = B
8% n sin @
and
o0
P = E 8 sin n9, sin nf 5
by nn

n=1

The loed distribution PaB may be seen to be identical to the load

distribution caused by changes in the angle of attack of the plain
airfoil and indicates a change in ideal angle of attack equal to
%(ﬁ ~.0 )% caused by the flap deflection &. Glauert's expression

for the 1ift increment (at constant angle of attack) caused by
deflection of a flap is:

{_ —
Clg = 2 L(n -6,) + sin BO_jS




6 NACA RM No. L8DO9
which may also be broken up into the components:

2(n - 85)5

Clas

and

Clpg = 2 510 0

The values of the pressure-difference coefficients for unit incremental
1ift coefficient may then be expressed as

Pag _2(1 + cos 0)

clas n sin 6
and
P‘D5 4 Z sin n@, sin nd
¢y ® sin Op = n
which may be reduced to .
Ppg, o sin.%(eo + 6)
loge

c1 - n 8in 8
b3 °© sin %(60 - 9)

The thin-airfoil theory indicates that these increments in load distri-
bution will be the same regerdless of the original shape of the mean
line. From these equations, therefore, the theoretical incremental load
distribution may be calculated for any airfoll section equipped with a
plain flap.

The pitching-moment increment has been derived by Glauert as:

Aoy = -% (sin 8, - % sin 2eo> 5

For convenience in analysis, the pitching-moment increment caused by
flap deflection is frequently expressed as a function of the 1ift
increment caused by flap deflection. The ratio of pitching-moment
increment to lift-coefficient increment provides the relation

<Ac> -#(stn 00 - % sin 20, )

(ﬂ - 8o) + sin 9:]
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This equation shows that the ratio of pitching-moment coefficient increment

caused by flap deflection to lift-coefficient increment caused by flap

deflection is a constant for any given flap and is a function only of the

flep-chord ratio.

The hinge moment of the flap was determined by considering only
that part of the load over the flap itself and results in the equation:

b
1
= -=n - 3)
Ch CZ 2b

where

2+ 3[0- )G9 - v
b=2(l - E) Vg(l 'E)[:_?f_ arcosﬁ-ﬁﬂ?l_:—i_:)]

"E

Values of bl/al and b are shown plotted against flap-chord ratio E
in figure 2.

In reference 4, Pinkerton developed equations for the normal-force
coefficient on a deflected flap on the basis of the thin-airfoll theory
by integrating the load distribution over the flap. This integration
results in an equation for the flap normel force similar to Glauert's
equation for the flap hinge mament:

°nf =nNgcy - Md
where
2 ( e in 8,)
= n - - g8in
o (1l + cos Bg) o e
o0

L sin 8¢ sin nPg cos no

N = sin290(1+cosao)+2§_ l’ S 2 Y
n(1 + cos 8,) n=2 | n“ -1

-4
cos B, sin"m8

n(n2 - 1)
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A general summation of the series term in the expression for 17 has not
been found so that approximate methods of calculation have been used to
calculate these values. Values of n and 1, are shown plotted
against E in figure 3.

An exemination of Glsuert's equations for the loed distributions
ceused by deflection of a plein flap indicates that infinite pressures
are encountered both at the leading edge and at the flep hinge. A
better indication of the actual flow conditions could be obtained 1f the
pressure distributions were calculated by the thick-airfoll theory of
Theodorsen (reference 5). This process, however, is extremely labcrious
and breaks down Just as the thin-airfoll theory does when the flow
separates from the airfoil. In reference 6, a method has been derived
by Allen for rapidly computing the load distribution over ailrfoils with
fleps. This method is based on an empiricel relation between the
theoretical load distribution and experimentally determined velues. For
all flap deflections at which the flap is unstalled, a single relation
was found to apply; but at higher deflections, a different relation
must be used for each flap angle. 1In the epplication of this method,
the load distribution is related directly to the lift-coefficient
increment rather than the flap deflection which was used in Glauert's
theoretical treatment. The flap deflection is important only at high
deflections where it determines the shape of the empirical relation
between the theoretical end experimentel results. The lift-coefficient
increment must be determined from force tests and the division of the
1ift increment between incremental additional and incrementeal basic
components is accomplished by the use of the experimental pitching-
moment, increment and empirically determined locations Tor the centroid
of the incremental besic lecad.

Data required for the epplicetion of this method to the determination
of load distributions are the 1ift and quarter-chord pitching moments at
a given angle of atteck for the airfoil with the flap both retracted and
deflected, and the class of additional distribution to be used. The
class of edditionel distribution to be used for conventional airfoil
sections is given in reference 6 and computed additional distributions
(in the form Ava/V, the nondimensional local increment of velocity

ceused by additional type of load distribution) for a number of
NACA sections, both conventional and low dreg, are given in reference 7.
The 1ift and moment coefficlents given are assumed equal to Cnys  Cmys

Cnp, &and cpmp s shown in disgrams (a) and (b) of figure 4. The

assumption is made that the ncrmal force and pitching moments ccrre-
sponding to the distribution of figure 4(c) are not significently
different from those of figure 4(a). Then (fig. 4(d)):

Acy = Cpp Cmy

&Cp = Cpy - Cny
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These Incremental coefficlents ere then converted to coefficlents
corresponding to the distribution shown in figure 4(e) by meens of
« the following equations:

Aoy’ =Ty Nep
ACn‘ =Mn + Tn Acm

The factors Tp and Tp are given in tables V and VI of reference €.
The incremental basic normal-force distribution is responsible for the
entire incrementel pitching-moment coefficient Acp' and the magnitude
of the incremental basic normal-force coefficient is therefore determined
from the equation

Anm'
c = ———
Ty~ ¢

where G 1s equal to the distance of the centrold of the incrementsl
basic normal-force distribution from the quarter-chord axis and is
given for various flap-chord retios and flap deflections in table IV

in refererce 6. The incremental additional normel-force coefficient is
then equel to:

Cna6 = fen’ - “Tbg

The values of the pressure difference ccefficient in terms of the streem
dynamic preesure q mey then be obtained from

P Pa&
= e——C
and
Pb&
PbS - Cnb6cnb6

and the velves of Pa5/cna5 and Pb&/cnb5 are cbtained from relerences €

or 7. It is shown in reference 6 that the values of Pb;/3nbg ena G
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change with a change in flap deflection, wherees the theory would
indicate that these values should be independent of flap deflection for
a given flep~chord ratio. These differences are ceused by the fact

that above & deflection of about 15° the flow begins to separate at

the flap hinge. The values in the range where no separation is encountered
are the same regardless of flap deflection. The value of 15° as a limit
for the flap deflection where unseparated flow exists should be used
with ceution since a number of factors, including Reynolds number,
surface condition, and leaks at the flap hinge can have a large effect
on the flap deflection at which this separation begins. Distributions
are also given in reference 6 for airfoils with split flaps based on

the assumption that the flow over a split flap should be the same as

the flow over a plain flap with a boundary lgyer over the flap of
thickness equal to the distance from the airfoil upper surface to the
flap lower surface. The enelysis reported in reference 6 showed that
above a flap deflection of about 40° the load distributions for plain
and split flaps were identical.

The incremental flap normal force and hinge moment caused by flap
deflectlion are equal to the sums of the contributions to each from
the incremental basic and incremental additional normel-force distributions.
The flap normal-force coefficient and flap hinge moment are equal to:

chfﬁ = nagcnaa + nbﬁcnbg

The values of the factors 7 and 1n are given in reference 6.

Comparisons of experimental data with loads and distributions
calculated by this method show that excellent agreement is obtained
for plain flaps when the proper assumption is made as to whether or not
the flap is stalled. Similar comparisons made for split flaps show that
although the over-all effects of the flap are shown quite well over the
forward part of the airfoil, rather large discrepancies are noted over
the rear with the result that loads and moments predicted in this
manner are not accurate.

By using the assumption that a slotted flap is merely a plain
flar with a boundary-layer ccntrol slot, and ccnsidering the chord to
be equal to the total chord of wing with the flap extended, some com-
parisons have been made for slotted flaps which show again that the
over-all effect 1 predicted to an accuracy suvitable for wing structural
purposes but wilth large differences near the Ilap where flow through the
slot can affect the load distribution. The flap loads for slotted flaps
are indicated with only qualitative accuracy.
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DISCUSSION OF EXPERIMENTAL

RESULTS
PLAIN FLAPS

The plain flap is one of the simplest lift-increasing devices in
use, consisting merely of a hinged part of the wing near the treiling
edge which can be deflected downward to increase the camber and, therefore,
the 1ift. The only fundementel design parameters (aside fram airfoil
section and Reynolds number) which can have an effect on the performance
of a plain flap are the flap-chord ratio and the angle to which the flap
is deflected.

Meximum Lift

Curves of meximum 1ift coefficlent are shown plotted against flap
deflection for various sizes of plain flaps on several airfoll sections
in figure 5. Generally, the meximum 1ift coefficient is shown to increase
with flap deflection to a maximum at a flap deflection of about 60°
or T0° except for the largest flap (0.60c) which increases the maximum
1ift coefficient only for very small deflections.

A comparison of the increments in maximum 1lift coefficient for 6
the NACA 23012 airfoil with 0.20c flaps at Reynolds numbers of 0.609 X 10

end 3.5 x 106 shown in figure € indicates that, in this range of
Reynolds number at least, the meximum-lift-coefficient increment is
essentially independent of scale. Optimum maximum-lift-coefficient
increments (the highest meximum-1ift-coefficient increments attained)
are plotted against flap-chord ratio for the three NACA 230-series and
the Clark Y airfoils in figure 7 on the basis of the rather meager
data avellable. These data show that the best maximum 1ift coefficients
are attained with flaps of 0.20c or 0.25c and that the maximum-1ift-
coefficient increment increases with airfoil thickness ratio for the
NACA 230-series airfoils in the renge of thicknesses shown. The data for
the NACA 66(215)-216 (fig. 5) airfoil seem to Bgree with the increment
for an NACA 230-series airfoil of similar thickness and although the
NACA 65,3-618 airfoil shows lower increments, the value of the highest
maximum 1ift ccefficient for this airfoll is nearly as high as that of
the NACA 66(215)-216 airfoil.

A gep between the airfolil and {lap at the flap hinge allows air to
leak through from the high pressure on the lower surface to the lower
Pressure on the upper surface and decrease the effectiveness of the flap.
Maximum-11ift data from reference 10 are shown in figure 8 for an airfoil
with a 0.20c plain flap with a 0.0032c gap both sealed and unsealed.

The maximum 1ift coeflicients are higher in all cases witih the gap

sealed and the decrement in maximm 1lift coefficlent caused by the gap
increases as the [lap defleciion is Iincreacsed.
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Drag

The effect of flap size on the drag coefficlents of airfolls
equlipped with plain flaps is shown in figure 9. Envelope polars of
total-wing drag coefficient are shown for a Clark Y wing of aspect
ratio 6 eguipped with 0.10c, 0.20c, and 0.30c full-span plain flaps.
These date indicate an increase in drag coefficient with flap size at
eny 1ift coefficlent above about 1.2. A large part of the drag of
airfolls equipped with deflected plain flaps is caused by the fact
that the flow over the [lap separates at relatively low deflections
(of the order of 15° or 20°). The higher drags of the larger flaps
are therefore probably a result of a larger separated area and a
larger wake.

Drag data on an NACA 23012 airfoil fitted with a 0.20c flap are
shown in figure 10 at two values of the Reynolds number. These data
show that the favorable effect of increasing Reynolds numbers extends
throughout the entire range of 1ift coefficlent. It should be noted
that the effective Reynolds number of 8.4 x 106 given in figure 10
corresponds to & test Reynolds number of approximately 3 X 106.

Any conclusion concerning the effect of Reynolds number based on these
data is subject to the limitations of the concept of effective Reynolds
number.

Drag polars for several low-drag airfoils equipped with plain
flaps ere shown in reference 7. These data show that the low-drag
range ol smooth low-drag airfoils can be shifted to higher 1ift coef-
ficilents by small deflections of & plain flap. It is obvious therefore
that it should be possible to use a flap of this type to maintain low
profile drags through a wide range of 1ift coefficlent.

Pitching Moment

The ratio of pitching-moment increment to 1ift increment caused
by deflection of a plain flap has been shown by Glauert to be a constant
for any given flap and to be dependent only on flap-chord ratio.
Experimental data indicate that this linear relation of pitching moment
to 1ifv is actually obtained. Figure 11 shows a curve of the theoretical
slope Acmﬁscz plotted against flap-chord ratio along with several

experimental values. The agreement 1s shown Lo be reasonably good.

Flap Loads and Moments

The method derived by Allen for predicting flap loads and moments
has been summarized in the section on flap theory. Flap normal forces,
taken from reference 11, at an angle of attack of 0° are shown in figure 12
along with the normal forces calculated by Allen's method. These results
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show very good agreement between calculated and experimental results.
Eimilar camparisons between experimental flap loads and loads calculated
‘ by means of the thin-airfoil theory show great discrepencies. The
{ large errors resulting fram the use of the thin-airfoil theory can
i probably be ascribed to the fact that the thin-airfoil theory bases
| all results merely on the flap deflection. Because of seperation of
i the flow from the airfoll surface, flap deflection is not so effective
) for increasing the loads on the wing as would be indicated by the
} perfect-fluid theory.

Hinge moments for plain flaps are subJect to the same differences
between the ideal conditions and those normally encountered in practice.
The same sort of camparison could therefore be expected between the theory
| and experiment. Data are shown in figure 13 for the 0.20c flap on the

NACA 23012 airfoil and again show good agreement with predictions
based on Allen's empirical method.

Sumary of Plain-Flap Data

Maximm 1ift coefficlients for airfoils with plain flaps are shown

¢ to increase with flap-chord ratio to a maximum at a flap-chord ratio

of about 0.20c to 0.25¢c. The highest meximum 1ift coefficients for

airfoils with flaps of about this size usually occur at flap deflections
. of about 60°. Within a range of Reynolds number from 0.6 x 106
to 3.5 X 106 at least, scale seems to have little effect on maximum-
lift-coefficient increments caused by deflection of a plein flap.
Rather meager data for NACA 230-series airfoils show that the highest
maximum-lift-coef{icient increment attainable with plain flaps of a
given size increases as the airfoil thickness is increased. Drag
coefficients are shown to increase eppreciably with flap size for all
1ift coefficients above about 1.2 and available data indicate that
favorable scale effects are obtained throughout the complete range of
1ift coefficient. The increment of pitching-moment coefficient caused
by flap deflection is a linear function of the increment of 1lift coef-
ficient and the ratio of pitching moment to 1ift agrees reasonably well
with the thin-airfoil theory. Flap normal forces and hinge moments
may be predicted with good accuracy by the method derived by Allen
in reference 6.

SPLIT rLAPS

A split flap is similar to a plain flap in that it is5 formed merely
by a hinged pert of the wing near the trailing edge. To form a split
flap, however, only the lower part of the wing is hinged, the upper
surface remaining in place. The increase in 1ift caused by deflection
of a split flap is a result of an increase in the effective camber of
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the airfoll section Just as is the case for plain flaps. The important
design parameters which will affect the aerodynemic chareacteristics

of a wing section with a split flap are, therefore, the flap-chord
ratio and the flap deflection.

Maximum Lift

The effect of flap deflection on the maximum 1ift coefficients
of NACA 23012, 23021, and 23030 airfoil sections with split flaps
ranging in size from 0.10c to 0.40c are shown in figure 14 (data
from reference 13) and optimum increments in maximum 1ift coefficient
are shown plotted against flap-chord ratio in figure 15. Although
the Increments of maximum 11ft coefficlent are considerably higher
for thick then for thin sections, the values of meximum 1ift coefficient
vary in a different manner with thicknese because of the decrease in
maximum 11ft coefficient of the airfoil with flap undeflected as the
thickness 1is increased. These date show that as the airfoil thickness
is increased increments of maximum 1ift coefficlents, flap deflections
for meximum 1ift, and the size of flap that provides the highest
increment of maximum 1ift coefficient also increase. For any given
airfoil section the flap deflection at which the highest meximum 1ift
coefficlent was measured decreased as the size of flap was increased.
A comparison of the data in figure 14 with the date shown previously for
plain flaps (fig. 5) of similar size shows that higher maximum 1ift -
coefficients are obtained for airfoils with split flaps than with plain
flaps and that the optimum meximum 1ift coefficients are obtained at
higher flap deflections and higher flap-chord ratios. The reason for
the higher maximum 1ift coefficients obtained with split flaps cean
probably be attributed to the fact that the upper surface of the wing
1s not disturbed and the flow is not required to follow an sbrupt
curvature down over the flap. The flow over the flapped part of the
airfoil, therefore, has a tendency to remain unstalled up to higher
flap deflections and higher flap-chord ratios for split flaps than for
plain flaps. Maximum-1ift data from reference 1L are shown in figure 16
for three NACA 6-series airfoil sections equipped with 0.20c split
flaps. These data indicate the same tendency toward higher optimum
deflections for thicker airfolls as was shown by the NACA 220-series
sections.

In order to provide a simple means for showing the effect of flaps
on airfoll sectlon characteristics, all the airfoils tested in connection
with the low-drag airfoil program (reference 7) have been tested
with 0.20c split flaps deflected 60°. With some types of flap (particu-
larly slotted) a change in airfoil shape also changes the shape of the
flap that may be fitted into the available space and, therefore, changes
the characteristics of the airfoil-flap combination. The systematic
split-flap data should be useful, however, for showing the manner in
which airfoil parameters alone affect the characteristics of airfoils
with flaps.
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The effects of thickness ratio and camber on maximum 1ift coef-
ficients of NACA 6Hh-series alrfoil sections with and without 60° split
flaps are shown in figure 17 (data from reference 7). These data
show that although the maximum 1ift coefficients of the plain airfoll
sections decrease as the thickness ratio is increased above sbout 0.12,
the maximum 1ift coefficients of the flapped airfolls continue to
increase to thickmess ratios of at least 0.18. Increases in design
1ift coefficlent are shown to increase maximum 1ift coefficients of
beoth the plain and the flapped airfolls by an equel amount for airfoils
of low and moderate thicknesses. At the higher thicknesses, however,
the effect of increasing camber is smaller and for the 21-percent-
thick airfoils is actually to decrease the maximum 1ift coefficients
with flaps deflected. Maximum 1ift coefficients for NACA 23012 end
NACA 23015 elrfoil sections are also shown in this figure- The
maximum 11ft coefficients for the NACA 230-series sections are shown
to follow the same trend as the NACA E-serles sections. The variation
of maximum 1ift coefficients with position of minimum pressure for
NACA 6-series sections is shown in figure 18. In most cases these data
indicate a small decrease in meximum 1ift coefficients of both the plain
and flapped airfoils regardless of thickness ratlo as the position
of minimum pressure is moved to the rear.

The fact that all of the flap data shown in figures 17 and 18
were obtained with 0.20c fleps deflected 60° prevents a complete
indication of the effects of airfoil section on meximum 1ift coef-
ficient since both the optimum flap size and optimum deflection change
with changes in ailrfoil thicknesses as shown in figure 15. This fact
is particularly true of the data shown in figure 17 since botk the
flap-chord ratio and flap deflection for highest maximum 1ift coefficient
increase as the alrfoil thickness ratio is increased. The optimum
maximum 1ift coefficients should, therefore, increase even more rapidly
with thickness ratio than the meximum 1ift coefficients shown.

Data are shown in figure 19 on the effects of Reynolds number
variation on the maximum 1ift coefficients of severel NACA airfoil
sections. Throughout the range of Reynolds number shown, maximum
1ift coefficients of both the plain and flapped airfoils in the smooth
condition increase as the Reynolds number is increesed, but not by a
constant amount nor in any apparently predictable manner. The effects
of scale on the maximum 1ift coefficients of NACA 6-series sections
seem to be similar to those of conventional NACA 230-series sections.

The effect of Reynolds number on the maximum 1ift coefficients
of' several NACA airfoils with standard leading-edge roughness and
split flaps is also shown in figure 19. The effect of Reynolds mumber
in increasing the maximum 1ift coefficients of these asirfoils is
decreased by the addition of standard roughness and seems to be approxi-
mately ithe same for each of the alrfoils for which data are shown. A
comparison of the data for smooth end rough airfoils in Tigure 19 shows
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that the decrease in maximum 1ift coefficlents of airfoils with split
flaps increases as the Reynolds number is increased and that the

effect of roughness on the maximum 1ift coefficients of NACA 230-series
sections is greater than that on NACA 6-series sections, but not enough
to make the actual values of the maximum 1ift coefficients lower.

Drag

Envelope drag polars for an NACA 23012 airfoil equipped with
various sizes of split flaps are shown in figure 20. These data
indicate that the drag coefficients of airfoils equipped with split
flaps increase as the flap size is increased. These higher drags are
probably caused by the increased size of the wake behind larger flaps
as 18 the case for plain flaps.

Envelope drag polars shown in reference 13 for flaps of vearious
sizes on NACA 22012, 23021, and 23030 airfoils show that the drags
of thicker zirfoils with split flaps deflected are higher than those
of thinner airfoils except in cases where the thinner airfoils tend to
stall at lower 1lift coefficients than the thick sections.

Pitching Moments

The ratic of pltching-moment Increment to lift-coefficient increment
ceused by deflection of split {laps of various sizes on several
NACA 230-series airfoil sections is shown in figure 21 (datz from
reference 13). These deta thow that the pitching moments of airfoils
with split flape do not egree with the theory as well as those with
plain flaps but that the general order of magnitude of the pitching
monents &nd the manner of variation with flap-chord ratio agree fairly
well with the thecry. This diecrepancy may be explained by the fact
that the rear part of an airfoil with a split flap deflected presents
a very thick, blunit body rather than the thin mean line which is assumed
in the theory and which is &t least approximated by plain flaps.

Fleyr Loads end Moments

The methods for predicting flap loads &nd moments which are based
on the thin-airfoil thneory could not be expected to provide a good
indication of split-flap loads since the prrssure difference across
the flap is not, in thic case, equal to the pressure difference across
the whole eirfoll or, as the theory assumes, across the meen line.
A comrarison of same split-flap lcad date with loads predicted by the
method given in reference 6 and described in the seciion on flap theory
shows thet, although fair agreement can be cbtained at low {lap deflections,
the rredlicted values are conslderably higher than the experimental

hl . _
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results at high deflections. Pressure distributions and flap force
and hinge-mament charecteristics for a 0.20c split flap on the
NACA 23021 airfoil are shown in reference 15.

Extensible Split Flaps

An extensible split flap is a split flap provided with =z movable
hinge which is moved to the rear as the flap is deflected. The purpose
of displacing the hinge 1s to provide a larger area and, therefore,
greater 1lifts. Meximum 1ift coefficients teken fram reference 16 are
shown in figure 22 for a Clark, Y =airfoil equipped with split flaps
of 0.20¢c, 0.30c, and O.40c hinged at various positions from the normal
hinge position to the trailing edge. Sizable Increases in maximum 1ift
coefficlent (as high as 0.3 for the 0.40c flap) are produced by the
extension of the chord in this way, increases being noted for the 0.20c flap
for each extension of the flap hinge fram the normal hinge exis to the
trailing edge although the larger flaps produced increases for extensions
of the flap hinge only to 0.90c.

Because of the fact that the extensible split flasp is extended to the
rear as it is deflected, the effective area of the wing behind the normal
quarter-chord point is increased and the negative pitching moments
become larger. Data are shown in figure 23 (fram reference 16) on the
effect of split flep extension on the pitching-mament-coefficient
increments caused by deflection of the flap. The increment in pitching-
moment coelficient is shown to be a lineer function of the increment in
1ift coefficient,and the slope of the curve Acm/Acz is shown to increase

as the flap hinge is moved to the rear.

Summary of Split-Flap Data

Split flaps are shown to provide higher maximum 1ift coefficients
than plain flaps. Maximum 1ift coefficients, flep deflections for
meximum 1ift,aend best flap size increase as the airfoil thickness ratio
is increesed. Larger flaps showed higher maximum 1ift coefficients
then smaller flaps and the highest maximum 1ift coefficients were
obtained at lower flap deflections then with small flaps. Maximum 1lift
coefficients of NACA 6-series sections with 60°, 0.20c¢c flaps are shown
to increase with airfoil thickness ratio up tc thickness retios of
about 0.18c. Increase of camber increases maximum 1ift coefficients of
thin airfoils, but this effect decreases as the airfoil thickness is
iIncreesed. Leading-edge roughness has been shown to decrease the favorable
scale effect on meximum 1ift coefficlentsg of airfolils with split flaps.
Increases in flap size or airfoil thickness ratio chow increasses in
drag coefficients of airfoile with flaps deflected. Pitching-moment
increments of airfolls with split flaps are of the same order of megnitude
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as shown by the thin-airfoil theory, but the agreement with the theory
is not so good as that shown by the plein flaps. Displacing a split
flap to the reer as it is deflected increases both maximum 1ift coef-
ficients and pitching moments.

SLOT'TED FLAPS

Slotted flaps are roughly simllar to plain or split flaps insofar
ag they increase the 1lift of an airfoil by increasing the camber and in
some cases by an increase in the chord. The slotted flap, however, 1s
provided with a slot which delays the tendency of the flow to separate
from the flap by ducting high-energy air from the lower surface and
utilizing 1t for boundary-layer control on the flap upper surface.
Deflection of slotted flaps may be obtained either by pure rotation
gbout a fixed hinge or by a combination of translation and rotation.
Slotted flaps in general use may be divided into two general classes
based merely on the number of slots. Single slotted flaps are, as the.
name suggests, flaps which are attached to the main portion of the wing
in such a way as to provide a slot forward of the flap when the flap
is deflected. Double slotted flaps are provided with a vane forward
of the flap so that a double slot is formed when the flap is deflected.

Single Slotted Flaps

A typical single-slotted-flap configuration is shown in figure 2k.
The part of the wing upper surface which extends over the flep when
retracted is celled the slot lip. The effective increase in chord
provided by some slotted flaps 1s obtained by the use of an elongated
slot 1ip. The point where the airfoll is first cut awgy to form the slot
on the lower surface is celled the slot entry. Slot entries are often
made with very small radil of curvature or provided with skirts to
falr over the gap in the lower surface when the flap is retracted. By
minimizing the gap, the lower surface is made as smooth as possible so
that there is little increase in drag over that of the smooth airfoil.

" Since a slotted flap increases the maximum 1ift by a combination
of increased cember, increesed chord, and boundary-layer control
provided by flow through the slot, the importent design parameters are
flap deflection, flap size, the chordwise position of the eglot lip,
and the efficiency of the flow through the slot in providing boundary-
layer control. The boundery-lsyer control action of the flow through
the slot depends on. the shape of the passage throuvgh which the elr
must flow. The shape of this passage is made up of a combination of
slot-entry shape, slot-lip shape, flap-nose shape, and the position of
the flap with respect to the slot 1lip. Airfoil shape can be expected
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to have a greater effect on the characteristics of slotted flaps than
on those of plain or split flaps because of the fact that the airfoil
shape determines to same extent the shape of the flap and slot configu-
rations. Changes in Reynolds number cen also have different effects on
the characteristics of slotted flaps from those on the characteristics
of plain or split fleps because of the scale effect on the flow through
the slot.

Maximm 1ift.- Because of the large number of unrelated combinations
of airfolls and slotted flaps for which dats are available, a summsry of
maximum 1ift coefficients that have been obtained from various combinations
is given in table I. TFlap size, slot-lip extension, the deflection and
position of the flap with respect to the slot lip, Reynolds number at
which the tests were run, and rough classifications of slot-entry shape
and flap-nose shape are tabulated along with notations as to whether the
flap wes located at its best maximum 1ift position. References fraom which
the data were obtained are also given in the table. Meximum 1ift coef-
ficients of airfoils with slotted flaps are shown to be considerably
higher than those of the same airfoils equipped with plain or split
flaps of comparable size. The advantage of the higher maximum 1lift
coefficients must be balanced, however, against the added complication
of providing external brackets to hold the flaps or of more camplicated
mechanisms required to operate the flap.

Maximum 1ift coefficients are shown in figure 25 plotted against
flap deflection for the NACA 23012 airfoil section with various sizes
of slotted flaps and in figure 26 for two NACA 6-series airfoils with
slotted flaps. These data show that the flap deflections for maximum
1ift coefficients of airfoils with slotted flaps vary over a range of
from about 30° to over 60°. Although no rigid variation of optimum
deflection with flap size or slot-lip extension can be shown, it mey
be seen from the data in table I that flaps with the slot lip extended
to the trailling edge seem to show their highest meximum 1ift coefficients
at lower flap deflections than with shorter slot-lip extensions.

The effect on meximum 1ift coefficient of increasing the effective
chord of the airfoll-flap combination is shown in figure 27 for various
flap combinations on the NACA 23012 airfoil section. The meximum 1ift
coefficients are all based on the chord of the airfoil with flap
completely retracted. Maximum 1ift coefficients are shown to increasé
as the total chord is increased either by increasing the flap chord or
the slot-1ip extension. Increases in flap size above about 25 percent
of the airfoil chord are shown to have much smaller effects on maximum
lift coefficients than increases in the lower range of flap size.
Increases in slot-lip extension, however, seem to be more effective as
the slot 1lip is extended toward the trailing edge. Although the variations
of maximum 1lift coefficient shown in figure 27 cannot be expected to hold
strictly for different types of airfoil section, the variations shown
are probably indicative of the results to be expected fram conventional
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alrfoils of normal thicknesses. The use of thinner airfoils, however, and
particularly thin NACA 6-series sections, presents added difficulties
because of the very thin fleps and very small leading-edge radii of

the flaps that can be fitted into the available space. The data shown

in teble T for 25-percent-chord flaps on the NACA 65-210 airfoil section
wlith various slot-1lip extensions show that no increase in maximum 1ift
coefficient is obtained by increasing the slot-lip extension from

8L percent chord to 97.5 percent chord.

The most favorable shape for the passage through which the alr must
flow Trom the lower surface over the flap is an extremely complex
problem since it involves a cambination of several variables, each of
which can have a large effect on the flow condition produced by each of
the other variables. These veriables include [lap shape, slot-entry
shape, slot-lip shape, and flap position.

Data are given in references 19, 20, and 21 on the maximum 1ift
coefficients produced by slotted flaps of various shapes. No strict rules
can be set down for the design of flap shapes, but from the data given
in these references, it is generally observed that a flap-nose shape
similar to the shape of a good airfoil will provide good maximum 1ift
characteristics.

Slot-entry shapes cen have a large effect on maximum 1ift coef-
ficients since any separation of the flow at the slot entry can block
off a portion of the slot passage. Data are available in references 19
to 28 which show the effects of various slot-entry shapes on meximum
1lift coefficients. Data in references 20, 23 to 25, and 28 show maximum
lift coefficients that have been obtained on NACA 23012, 66,2-216,
23021, and 23030 airfoil sections equipped with slotted flaps and with
both smoothly rounded and sharp slot entries. In these references, the
best position of the flap was determined with each oI the slot entries.
Neither the 0.12c~-thick nor the 0.l6c-thick airfoils showed any difference
in best meximum 1ift coefficient although the position of the flap at
which the best maximum 1ift coefficient was measured changed considerably.
Both the 0.21c-thick and the 0.30c-thick airfoils on the other hand
showed large effects of slot-entry configuration. These data would
seem to indicate that the airfoil thickness or the depth of the flap
well (opening into which flap retracts) would determine whether or not
the slot entry hes an effect on the maximum 1ift coefficient. For the
thick airfoils where the slot-entry configuration can have an effect,
the smoothly rounded entry provides the highest meximum 1ift coef-
ficient in each case. Data from reference 27 are shown in figure 28 for
an NACA 66,2-116, & = 0.6 airfoil equipped with a 0.25¢c slotted flap
with three different lengths of slot-entry skirt. These data show
that with the flap located at an arbitrary position, the maximum 1lift
coefficient was lowered by each progressive extension of the slot-
entry skirt.
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Slot-1ip shape can affect the maximum 1ift coefficients of airfoil-

flap cambinations to a large extent and it 1s felt that the most

. important requirement of a good slot-lip shape is that it should serve
to direct the air flow down over the flap. Data are shown in figure 29
for an airfoil with a slotted flap with the slot 1lip in its normal
configuration and bent down various smounts. These data show that
the maximum 1ift coefficient is increased by bending the slot lip
down, although too great a bend causes the maximm 1ift coefficient
drop off. It is believed that the limit in the effect of bending down
the 1ip is reached when the flow over the lip itself separates.

+ o~
L Av

The flap location affects the maximum 1ift coefi{icient, of course,
by changing both the shape and size of the passage through which the air
flows from the lower surface. The best flap position will, thereiore,
be different for each different condition of slotv entry, slot 1ip,
and flap-nose shape. No general conclusions can be drawn concerning
the best location of a slotted flap although the data available in
references 19, 20, and 23 to 34 should be useful Tor the design of
the best flap location for airfoil-flap combinations similar to those
for which data are available. Generally, it may be said that the best
location of a flap of a given shape will be a location which, when

- cambined with the slot 1ip and slot entry, will provide & converging
passage and allow the flow to be directed down over the flap. Data in
figure 30, for instance, show lift characteristics of an airfoil-ilap

- combination for which the slot does not form & converging passage. A
comparison of these data with those in teble I for airfoils of similar
thickness shows the low meximum 1ift coefficlents obtained with a flap
configuration of this type. Contours of flap position for maximum
1ift coefficient are shown in figure 31 for two airfoil sections egquipped
with various configurations of slotted flaps. These contours indicate
the sensitivity of the maximum l1ift coefficient to small changes in
flap position and the accuracy with which the flap must be built and
located.

Airfoil shape can have a large effect on the effectiveness of
slotted flaps. There are not, however, enough data for flaps of similar
size and shape to show fully the effects of the various airfoil design
parameters on the maximum 1ift coefficients of airfoils with slotted
flaps. Some data are shown in figure 32 for NACA 230-series airfoils
of various thicknesses with flaps of two different sizes and a few
data for various NACA 6-series sections with 0.25c slotted flaps.

Although not at all conclusive, these data for NACA 6-series seem
to show a greater effect of thicknmess ratio than was previously indicated
(reference 25) by the NACA 230-series data. While a part of the differences
between the 230-series sections and the 6-series sections might be

. attributed to the higher Reynolds number at which the latter data were
obtained, data in reference 21 on the 0.2lc-thick 6-series airfoil show
that even at a Reynolds number of 2.0 X 106 the maximum 1ift coefficient

- of this airfoil is aoove 3.0.
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Data on the effect of Reynolds number on the maximum 1ift coef-
ficients attainable with slotted flaps are given in references 19 to 21,
25, 26, and 32 to 36. The greater part of these data covers Reynolds

numbers from about 3.0 X 106 to 10.0 x 106. & few data are given,
however, for higher Reynolds number. Maximum 1ift coefficients are
shown plotted against Reynolds number in figure 33 for two NACA 6 geries
airfoils with slotted flaps. In both of these cases, the scale effect
with flap deflected is approximately the same as that for the plain airfoil.
This similarity camnot be considered to be true in the genersal case,
however. There are some indicatlions that the best maximum-1ift position
of a slotted {lap may change with changes in Reynolds number as shown
in reference 33. From these data it is seen that for the change in
Reynolds numbers shown (from 2.4 to 9.0 x 106), an appreciable change
in best position for maximum 1ift 1s noted and that for this airfoil-
flap combination, at least, the best position moves aft and upward

as the Reynolds number is increased. The maximum 1ift coefficient at

a Reynolds number of 9.0 x 100 was increased by about 0.06 by changing

fram the position found to be best at R = 2.4 X 106 to the position

at which the highest maximum 1lift coefficient was measured. In this
case, the entire character of the 1ift curve was changed by this change
in positions at R = 9.0 X 106 although this change cannot be considered
typicel.

Data on the effects of roughness on the maximum 1lift coefficients
of airfoils with slotted flaps are not extensive enough to provide any
generalizations although it may be said that the decrement in maximum
1ift coefficient caused by roughness will be of about the same order of
magnitude as for airfoils with split fleps. It must be remembered
therefore that leading-edge roughness can cause the maximum 1ift coef-
ficient of airfoils to be 0.4 to 0.5 lower then that obtained in a wind
tunnel with a smoothly polished model. Some data are shown in refer-
ences 32, 33, and 35 on the effects of roughness on the maximum 1ift
coefficient of airfoils with slotted flaps.

Dreag.- Drag coefficients of airfoils equipped with slotted flaps can

be expected to be lower than those of airfoils with either plain or split
flaps because of the fact that the separation of the flow over the flap,
usually apparent on plain flaps at high deflections and the wide, blunt
rear portion of airfoils equipped with split flaps are eliminated or
minimized with slotted flaps. Envelope polars for the NACA 23012 airfoil
equipped with slotted flaps of various sizes are shown in figure 3.
These data show an effect of increasing flep size that is opposite to
that with either plain or split flaps, the dreg decreasing at & given
1ift coefficient as the flap size is increased. The drag polar for the
NACA 23012 airfoil equipped with a 0.40c split flap is also shown in
figure 34 and indicates the much lower drag coefficients cobtained with
slotted flaps than with split flaps. The effect of slot-lip extension
on drag is shown in figure 35. Increasing the slot-1lip extension also

is shown to decrease the drag at any given 1ift coefficient.

—
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Flap position cen &lso have a great effect on drag coefficients
since the shape of the slot passage determines whether or not there
are any regions of separated flow in the region of the flap. Contours
of flap position for minimum drag coefficient are shown for various
airfoil-flap cambinations in references 23 to 25, 28, 30, and 31. One
of these contours taken fram reference 28 is shown in figure 36. These
data and those shown in the references show that the requirements of
a good slot shape for low drags are different from the reguirvements
for high meximum 1ift coefficients. The slots for which low drags are
measured seem to be neerly constant in area rather than converging,
and the slot openings seem to be larger then those for high meximum
lift.

With slotted flaps in the retracted position, the resulting break
in the airfoll lower surface has been shown to have large effects on drag
coefficients. Drag data are shown in figure 37 for an NACA 6-series
airfoil section equipped with & 0.25c slotted flap. These data show
that when air is allowed to leak through the gap, the drag increment
in the low-drag range caused by a sharp slot entry is approximately
twice that caused by a well-rounded entry. These data also show,
however, that the drag coefficient with the sharp entry can be reduced
to the same value as with the rounded slot entry merely by sealing the
gap to prevent any flow of air. Data are shown in figure 38 for am
NACA 66,2-116, a = 0.6 airfoil with a 0.25c slotted flap and three
lengths of slot-entry-skirt extension. These data show that the drag
is progressively lowered as the slot-entry skirt is extended.

Pitching maments.- Since a slotted flap 1s simllar to a plain flap

with & boundary-lgyer-control slot at the flap nose, the load distributiomn
over an airfoil with a slotted flap should be similar to that over an
airfoil with a plain flar with the exception of discontinulities at the
slot. The pltching moments of airfoils equipped with slotted flaps
should be approximately the same as the pitching moments of an airfoil
with a plain flap of similar size. The flap-chord ratioc and the airfoil
chord must be defined for this purpose, however, on the basis of the
totel chord with flar extended. Pitching-moment slopes have been
calculated on the basis of total chord with flap extended for several
combinations of airfoil and slotted flaps and are shown in figure 39
along with the slopes calculated from the thin-airfoil theory. These
date show that the pitching moments of airfoils with slotted flaps
approximate those predicted by the plain-flap theory although the
experimental pitching moments for slotted flaps are in all cases slightly
higher than the theory indicates and show considerably less variation
with flap size than the theoreticel.

Flap loads.- Aerodynamic load characteristics for a number of
airfoils equipped with slotted flaps are presented in references 29,
3h, 37, and 38. Flap loads generally increase as the flap deflection
is increased up to the deflection at which the flap stalls, the variation
in flap loads with angle of attack for unstalled conditions being small as
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compared with the variation with flap deflection. Normal-force coef-
ficlents on slotted flaps for the deta shown in the references usually
reach a maximm of about 1.6 or 1.8. Chord forces are generally small
compared with the normel forces, and centers of pressure of the Ilap loads
usuelly range fram about 0.2 to 0.4 of the flap chord.

Double Slotted Flaps

Data are presented in reference 39 for an NACA 23012 airfoil
equipped with a 0.256c slotted flap and several suxiliary flaps. These
data show that the slotted flap with a 0.10c auxillary slotted flap
was more effective in increasing the maximum 1ift coefficient than eny
of the other devices tested. Reference LO shows deta for NACA 23012,
23021, and 23030 airfoils equipped with 0.L40c slotted flaps and
0.256c auxiliary slotted fleps. Maximum 1ift coefficients of 3.46,
3.57, and 3.71, respectively, were measured with these double slotted
flaps on the three alrfoils. Later investigations showed that the
double slotted flap could be simplified considerably by changing the
form of the foreflap to a turning vane. For double slotted flaps of a
given total chord, the vanes were shown to be Just as effective as the
foreflaps tested on the original double slotted flaps and had the
added advantage of being of such a size that they could be entirely
enclosed within the wing structure when the flap was retracted. A
typical double slotted flap of the latter type is shown in figure LO.
The slot entry and slot lip are defined in the same way as for single
slotted flaps. The vane chord line has been defined in various ways,
but the most frequently used definitions are the maximum-length line
or the line through the trailing edge and the center of curvature of
the vane leading edge. The vane size is then defined by the length of
this chord line and the deflection, by the angle between the airfoil
chord line end the vane chord line.

Double slotted flaps operate to Increase the maximum 1ift coef-
ficient in essentially the same way as single slotted flaps with the
exception that an additional slot is available to provide & greater
amount of boundary-layer control. Another way of defining the action
of a double slotted flap is that 1t is merely a single slotted flap
which is provided with a turning vane in the slot to help deflect the
air flow downward over the flap, since the downward deflection of the
flow is the principal function of the vane. As a result of its turning
action, however, the vane elso carries an appreciable 1lift load of
itself. The important design parameters are, as is the case for single
slotted flaps, flap deflection, flap size and extension, and the
efficiency of the flow through the slot passages in preventing separation.

Maximum 1ift.- Maximum-1ift deta for eirfoils with double slotted
flaps are presented in table II along with information concerning the
flap and airfoil configuration and test conditions. Although the absolute
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optimum positions of bpoth flap and vane were not determined for all
the configurations which are noted as optimum positions in the table,
this notation does indicate that enough tests were mede toc determine
a position at which the meximum 1ift coefficient 1s essentially the
optimum. Double slotted flaps are seen to produce higher maximum
1ift coefficients than any of the other flaps so far considered.

Flep deflections at which the highest maximum 1ift coefficients
were measured as shown in table II varied fram 45° to 70° and vene
deflections varied from 20° to 30°. Although the data are rather scattered,
a general trend toward higher flap deflections and lower vane deflections
can be noted as the airfoil thickness ratio is increesed.

Although a fairly large amount of data is available, the effects
of flap size end extension are not well defined because of the fact that
most of the designs tested up to the present time are of approximately
the same size. The data in references 39 and 40 on NACA 230-series
airfoils equipped with the original type of double slotted flap give
an indication, however, that larger double slotted fleps (up to 0.40c,
at leest) should provide higher maximum 1ift coefficients than those
obtained with flaps of the sizes normally employed. Soame few data are
available in references 43 and 44 on the effect of vane size on the
maximum 1ift coefficients obtaineble for several airfoil sections
equipped with double slotted flaps. Some of these data are presented
in figure L1 and show that, in general, increases in vane size provide
increases in meximum 1ift coefficients although the range of vane size
covered is rather small.

The evailable data on the effects of slot-entry and slot-lip
configurations are also meager. The effects of the shepe of the slot
can be expected, however, to be similar to those noted for single
slotted flaps. The effects of slot-entry-skirt extension on the
1lift characteristics of an airfoil section equipped with a double
slotted flap operating along a fixed flap path are presented in figure L42.
Although the 1ift coefficients at the highest flap deflections were
not affected by the extension of the slot-entry skirt, those at inter-
mediate deflectlions were lowered considerably by the longest extension.

Some data on the effect of flap and vane positions on maximum
1ift coefficients are given in references 43 to 48. From the aata for
optimum configurations shown in table II it may be seen that vane positions
Tor best maximum 1ift coefficients usuelly fall within a renge of position
from 0.018c to 0.025c below the slot lip and from 0.005¢ to 0.015c¢
forward of the slot lip although a few of the data show that highest
maximum 1ift coefficients were measured with the vane located sbeout £.005¢
behind the slot lip. The positions of the flap cover a wider range
varying fram 0.015¢ to 0.030c forward end fram 0.005¢c to 0.020c below
the vane trailing edge. In one case, the flap was found to give the
highest meximum 1ift coefficient when located behind the vane trailing
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edge. Although the data in table II show that flap and vane positions
for meximum 1ift fall within & fairly well-defined range of positions,
care should be exercised in setting flap and vane positions arbitrarily
from these data because of the greeat sensitivity of these flaps to small
changes in position. A few contours of flap and vene positions for
meximum 1ift coefficient are shown in figure 42 and indicate the &ccuracy
with which the flap and vane must be located.

The fact that most of the data for double slotted flaps have been
obtained for configuratlions of roughly similar size provides & fairly
extensive amount of data on the effect of airfoil section on meximum
lift coefficients. Data from table II on the maximum lift coefficients
of various airfoil sections with double slotted fleps ere shown in
figure 44 plotted against airfoll thickness ratio. All of the double
slotted flaps for which data are shown had total chord lengths (from
nose of vane to trailing edge of flap) of about 0.30c to 0.35c and had
slot lips located at about 0.85c. Although these data are rather
scattered, they define fairly well the varlatlon of meximum 1ift coef-
ficients with the various airfoil parameters. Increases in camber and
forward movements of the position of minimum pressure of NACA 6-series
airfolls seem to provide increases in meximum lift coefficient. Maximum
1ift data for NACA 63-series and 66-series sections.with design 1lift
coefficients of 0.2 equipped with 0.20c split flaps deflected 60° are
also shown on this figure. These data show that the effects of thickness
and position of minimum pressure can be shown qualitatively at leest by
the systematic split-flap data in reference 7. A comparison of the data
in figures L4 and 17 shows that the effects of camber on maximum 1ift
coefficient are approximately of the same order of magnitude for the
systematic split-flap deta and the double-slotted-flap datea.

Scale-effect data on various alrfoil double-slotted-flap combinations
are presented in references L4 and 47 to 1. These data show approximately
the same characteristics as the scale effect data on single slotted
flaps and there are indications that the best maximum 1ift configurations
of double slotted flaps may also chenge as the Reynolds number is changed.

Drags.- The drag characteristics of airfoils with double 2lotted

Tleps are perheps best shown by & camparison with the drag of airfoils
with single slotted flaps. Envelope polars for two single slotted
fleps and a double slotted flap on the NACA 23012 airfoil are shown

in figure 45. The drag coefficients at intermediate 1lift coefficients
are congiderably higher for the double slotted flap than for the single
slotted flap. At higher 1ift coefficients, the drag of the airfoil
with the double slotted flap is lower then that with the single slotted
flap, principally because the separation of the alr flow is delayed to
higher 1ift coefficlents. A similer comparison for various types of
slotted flaps on the NACA 22021 alrfoil is shown in reference 45. A
comparison of envelope polars for the NACA 23012 and 22021 eirtolls 1is
shown in Iigure 46. The drag coefficients of the NACA 22012 section
are lower than those of the NACA 22021 section for all 1ift coetfficlents
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below a&bout 3.0; a&bove this 1ift coefficlent, there is very little
difference between the two airfoils.

In the flap-retracted condition, double slotted flaps are subject
to the same increments in minimum drag coefficient with flap retracted
as single slotted flaps. In order to obtain lowest drag with flap
retracted, every attempt should, therefore, be made to fair over the
slot entry and to seal the flap gap in the retracted condition.

Pitching mament.- The pitching moments of airfolls with double

slotted flaps should be similar to those of airfoils with single slotted
flaps and should show the same sort of agreement with the thin-airfoil
thecry. There are not enough data availsble to show this effect campletely
since most of the double-slotted-flap data have been obtained with flaps

of about the seme size. Comparisons mede with & few of the combinations
for which deta are evailable, however, show that the values of Acm/Acz

for double slotted flaps agree very well with those of single slotted

flaps of the same size when the coefficients are defined on the basis
of tctal chord.

Flap loads.- Data on the aerodyneamic loads over double slotted flaps
on several airfoil sections are shown in references L8 and 49. The flap
part of a double slotted flap is usuelly located geametrically in about
the same position relative to the vane trailing edge as single slotted
flaps are relative to the wing slot 1ip. The aerodynamic loads on these
flaps are therefore of about the same order of magnitude a&s those on
single slotted flaps. Vanes of double slotted flaps are effectively the
leading-edge portions of highly deflected flaps and are usually highly
cembered. For these reasons, the aerodynamic loads on these ysnes are
usually very high and normal-force coefficients as high as S#D have been
measured on the venes of highly deflected double slotted flaps.

Vanes of double slotted flaps are frequently located at positions
where a large portion of their length extends under the wing slot lip.
In such a position, with a converging passage all the way to the tralling
edge of the slot lip, the minimum pressure 1s measured far back on the
vane. Other double slotted flaps are so positioned that the vane is
actually behind the wing slot lip and the pressure distribution reaches
a peak at the vane leading edge. It may easily be seen from these
considerations that the aserodynamic moment and the pressure chord
forces on these vanes depend to a great extent on vane position and mey
vary over a very wide range. Flap and vane load charecteristics far the
airfoil double=slotted~flap combination, for which 1ift data are shown
in figure 41, are presented in figure 47. These data show that flap
. and vane load characteristics for this configuration vary in a regular
manner with flap deflection up to a deflection of 40°, at which deilection
the 1ifts and {lap loads cease to increase with deflection and the variation
. of flap loads with 1ift coefficient becomes erratic.
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Summary of Slotted-Flap Data

Slotted flaps are shown %o provide higher maximum 1ift coefricients
than any of the other devices discussed. Double slotted flaps are more
efficient, particularly for alrfoils of small thickness ratios, than
single slotted flaps. Increases in total chord are shown to provide
increases in meximum 1ift coeificients of single slotted flaps, whether
obtained by increasing the flap size or increasing the slot-lip
extension. Sharp corners or skirt extensions at the slot entry are
shown to reduce the maximum 1ift coefficienis of thick airfoils with
slotted flaps although the entry condition seems to have little effect
on the maximum 1lift coefficients of thin airfoils with slotted flaps.
Bending down the slot lip to direct the air flow down over the flap
has been shown to have an advantageous efrect on maximum 1ift coef-
ficient. Data that are available seem to indicate that flap noses
should have shapes similar to those of good airfoil sections. The best
positions for highest maximum 1ift coefficlents of double slotted flaps
seem to Fell within failrly well-defined limits although a few cases are
shown where the best position falls outside these limits. The best
positions of single slotted flaps are not so well defined. Maximum '
11ft coefficients of both single and double slotted flaps are very
sensitive to flap position, however, and optimum configurations cannot -
be predicted with any degree of accuracy.

Drags of airfoils with both single and double slotted flaps are
lower then those of airfoils with plain or split flaps because the
separation of the flow over the flap at relatively low deflections is
brevented by the boundary-layer-control action of the slots. At a
gliven 1ift coefficient, the drag of ailrfoils with slotted flaps is
lowered if either the flap size or the slot-lip extension is increased.
At moderate 1lift coefficients, the drag coefficients of double slotted
flaps are higher than those of single slotted flaps.

Pitching moments of airfcils with both single and double slotted
flaps are of the same order of magnitude as those shown by thin-airfoil
theory if the pitching moments of the slotted flaps are defined on the
basis of total chord with flap extended.

Normal-force coefficients of single slotted flaps or the flap
parts of double slotted flaps are of approximately the same order of
magnitude and usually reach maximum values at high flap deflections
of 1.6 or 1.8. Very high normal-force coefficients (as large as 5.0)
are encountered on vanes of double slotted flaps and serodynemic moments
and pressure chord forces can vary over wide ranges depending on vane
position.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics -
Langley Field, Va.
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TABLE I
MAXTMOM LIFT COEFFICIENTS OF AIRFOIL SECTIONS EQUIPPED WITH SINGLE SLOTTED FLAPS
Airfoil cr cq Erlxz:; Flap | o, ¢ xp Jp |Optiom R |Reference
section z::ii%; gg:;e mAx | (g eg) position
Clark Y 0.20c } 1.00c (v) A 2.4 30 [o} ~0.025¢ yes 0.61 x 10 29
Clark Y .30 ] 1.00 (p) A 2.83 Lo 0 ~.025 yes .61 29
Clark ¥ Lo {1.00 ) A 3.10 Lo 0 -.025 yos .61 29
23012 .10 .93 (a) 4 J2.25 | 50 .00he .005 yes 3.5 39
23012 .15 | a1.00 (v) 4 |2.68 | 30 0 .015 yes 3.5 30
23012 .25 | 1.00 (v) A @ Lo 0 .015 yes 3.5 30
23012 256} .800 (a) B . 50 .005% .018 yes 3.5 19 -
23012 .257) .83 {a) A 2.81 50 .005 .016 yes 3.5 19 .
23012 .2571 .83 (a) A 233 | Lo .013 .02 yos 3.5 39
23012 .2671 1.00 (v) A ’2.90 30 0 .025 no 3.5 19
23012 .30 .90 (c) A }J2.92 | s0 .002 .010 no ) 3.5 22
23012 .30 .90 (c) A J2.92 | Lo .002 .020 no 3.5 22
23012 .30 .90 (c) A {293 ] 30 .002 .030 no 3.5 22
23012 .30 .90 (v} a ] 2.88 | Lo .002 .020 no 3.5 22
23012 .30 | 1.00 (b) a 3.29 | Lo 0 .015 no 3.5 22
23012 L0 .715 (b) A 2.87 50 .015 .015 yes 3.5 23
23012 Lo .715 (a) A | 2.90 50 .015 .015 yes 3.5 23
23021 .15 | 1.00 (b) A | 2.59 60 o .015 no 3.5 17
23021 .15 | 1.00 () A | 2.66 | 60 .050 .030 yes 3.5 31
23021 .25 | 1.00 {(b) A @ Lo .025 .015 yeos 3.5 31
23021 | .es7| .827] (b) B |2.69 ] 60 | o0 .015 yes | 3.5 20
23021 237} .827 (fg) B 2.7 60 0 .015 yes 3.5 20 -
23021 257 827 (v} A | 2.72 60 .005 .020 yom 3.5 20~
23021 2571 .827 (a) A 2.82 50 0 .025 yes 3.5 20
23021 40 .715 (b) A 2.79 50 .015 .025 yes 3.5 2l
23021 A0 .715 (a) A 2.88 50 .015 045 yos 3.5 2h
230%0 .257) .860 (b) B 2.59 60 .025 .00 yes 3.5 25
23030 .257} .860 (a) B | 2.68 60 | -.005 .aho yes 3.5 25
23030 Lo 775 (b) B 2.82 50 .25 .060 yes 3.5 25
23030 Lo 715 (a) B 2.90 50 .025 .080 Fos 345 25
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TABLE I.- Concluded.
Slot-
Airfoll % Flap 6 Optim
aection °r a cf,f,fg_ “g“ *Inex (d£5 ) X Ie pf,’si t‘in:n Reference
. uration shape
v géll;q;ap,_\ﬂc .25 .88 (b) B 35 .018 LoL5 no 6.0 7
égl,’__ﬁr"l xaiJJf’ 23] .835 (a) A @ Lo ] .027 yes 9.0 21 -
- 65-210 .25 8L (c) A 2.47 L5 . 009 .010 yes 6.0 22
v 65-210 .25 .90 (c) 2.8 Li.3! .01, .009" yes 6.0 32
65-210 .25 975 (c) A 2.5 35 .oay .020 yes 6.0 32
6_;1;?;‘)’3& .35 .839 (c) A 2.69 35 -.020 .032 yes 9.0 33
ggi‘_‘g’l‘é .336 | .889 (c) a4 | 2.63 | Lo .019 .oy6 no 9.0 35
B 65(215)-11L | .259| .915 (c) A | 2.80{ Lo .019 .038 no 9.0 35
? Ggl”gfg’a‘i q”é.265 8321 (a) B | 2.83-| 30 .025 .6 yes | 9.95 26
66(215)-116 .25 .82y (c) B 2.70 55 0 .028 no 6.0 3
6.61’5%12’ .25 .827 {a) a | 2.69 | L5 .017 .038 no 6.0 27
62,&-(2)]:2, .30 .50 (c) A 2.92 37 0 .016 no 6.0 7
P
STFe | s | e @ | s [la8e) ko | Loz | o] yes | 5 28
‘ 6&3-315 25 | .83 (e) A | 2.88] 15 .011 L031 ves | 5.1 28
& 66,2-118 .25 .90 2.68] 32,5 cccee | —emee no 6.0 18
Devis b 001001 ) 1 & zus ] Lo | cccee | oo
s/ = 0,18 | 30 | 100 (v) A 1 3451 ko no 6.2 36
modified )
Davis .30 { 1.00 (b) A 3.1 | Lo | ceeme | amee- no 6.0 36
t/e = 0.18
approx. =
6ég§e:§es .30 | 1.00 (b) A 3, 3b,\ 30 | =mmee | emeew no 6.2 36
t/c = 0.18

Slot-entry configurations

(a)

(¢}

A

Flap nose shapes

LT =
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TABLE IX

MAXI¥UM LIFT COEFFICIENTS OF AIRFOIL SECTIONS EQUIPFED WITH DOUBLE SIOTTED FLAPS

N

Airfoil cy cy ca | Clgax] Of [ xp Ir Xy Tv Optimum R Refer-
{deg)} (deg) position ance
23012 0.10c | 0.189c | 0.83¢] 2.99 | 70 40 | 0.009¢] 0.009¢] o.014e]| o.024e yes | 3.5 x 106 39
23012 257} .227 .715] 3.47- 1 70 30 .01 .012 .015 .035 no 2.5 Lo
23021 257 .227 27151 3.56°{ 60 30 .019 .02l .025 .065 no 3.5 Lo
23030 2571 .260 .715| 3.72+] 8o Lo .049 .050 .045 .ao no 3.5 Lo
23012 | i2s7] .17 | .526) 3.30 | 6o 25 | -.o06 | .ox0} -.oo4 } .o17 yos | 3.5 b3
23021 «257| 147 .827] 3.32 { 710 30 .017 .027 -007 .24t yes 3%5 45
63-210 .25 075 8 ] 2.91 50 25 .022 .02k .02 .018 yes 6.0 uly
approx.  TBee T,
63 E-—th <195) .083 87 | 3.30 55 U .038 012 | -.009 .016 no 6.0 ,fi,fz.,/
6L,-208 .25 .075 By ) z.5 Ls 30 L015 015 .015 .019 yes 6.0 Ll -
6l,-208 .25 L0564 .84 ] 2.40 50 25 .08 RuiR .015 .02l yes 6.0 I o
6l-210 25 ) o] an] 2821 s5 30 .025] .o06] .o22] .018 yes | 6.0 Ly o
8y-212 .25 .075 84 | 3.03 50 30 .021 .020 .010 .019 yes 6.0 ih -
648212 .229] .083 .833] 2.83 55 26 Lol .005 .00k .01k yes 6.0 v
£5-210 .25 .CT5 By ) 2.72 50 25 .025 .011 .009 .02l yes 6.0 W -
65(216)~2151  -248 .096 .82 1 3.23 70 12 .02l .010 .025 .032 no 6.3 Lot
655-118 . 24 .10 L8641 3,35 65~ a3 .038 .007 .009 .025 ves 6.0 L6 v
653118 .236)  .106 .851] 3.50 65 21 .027 .007 .012 .028 yes 6.0 50 +°
65),-L21 .236f .109 3.08 51 20 .029 .017 .012 .02l yes 2.2 51~
66-210 .25 .075 By b o2.6h 55 25 .029 .023 .012 .022 yes 6.0 uy
66-210 .25 .100 Bl 2072 60 25 .027 .039 .02l .021 yes 6.0 Ly :
Zggfg’l‘h 2270 .o8s| .35y 3.00) 55 20 Lohlh | .009f .odh| .025 yes | 9.0 y7 -
1410 .25 075 Bt 3,06 50 25 .026 .016 .012 .019 yes 6.0 W v
Republic
6“:;;:” .238) .092 .881 3.551 60 25 .015 .020} -.005 .020 yos 3.5 N
t/c = 0.17
Republic
6'2;‘;"’ 238 .92 .88] 3.43] 60 25 .015{ .020{ -.005{ .020 yes | UNO 48
t/c = 0.17
Douglas
T-series .25d  .0s6] .82] 3.151 50 19 017l .o18] .oz} .ozl no 6.0 L2
t/cty=peo.15h
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2.2

1.8

1.6

\\'3:957

1.4

1.2

1.0

-n and 7,

.2 A

.6 .8 1.0

Flap-chord ratio, E

Figure 3.- Factors m and 7o in equation for flap normal-force

coefficients.

Reference 4.
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Optimum increment of maximum section 1lift

1.2
1.0 A
oM
i oank SO
J.D)' ~
§° .8 N\\\
H /——‘(")\\ N
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< X N\
: N
- 06 / \
- \
g N
ot \
9 \
oi
[y A Airfoil Reference =
N\
§ O Clark Y 10 N
O NACA 23012 8, 19, 39 \
_ & NACA 23015 9 N
2 A NACA 23021 10 N
\
\
—J
O A 1
0 .10 .20 .30 L0 .50 .60

Flap-chord ratio, c,

Figure 7.- Variation of optimum increment of maximum section
lift coefficient with flap-chord ratio for several airfoil
sections equipped with plain flaps.
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Figure - 8.- Effect of gap seal on maximum lift coefficient of a
rectangular Clark Y wing equipped with a full-span 0.20c plain

flap. A =6; R =0.609 x 106; reference 10.
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Flap hinge-moment coefficlent,
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Figure 13.- Variation of flap hinge-moment coefficient with flap
deflection. NACA 23012 airfoil; 0.20c plain flap; a, = 0°.
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Figure 15.-

Cr

‘Variation of increment of optimum maximum section

lift coefficient with flap-chord ratio. NACA 230-series airfoils
equipped with split flaps. R = 3.5 x 105,



52

NACA RM No.

2.8 ]
Ko2. A
F
[9)

7

) 2.0 *f/
§ /
by Airfoll
0 1.6}
o : O NACA 65;-212
2 2 O NACA 66,1-212
- & NACA 66(215)-216

1.2
g
3
»
0
]
g .8
S

A
0 1 ]
0 20 Lo 60

Flap deflection, 6y, deg

8o

Figure 16.- Variation of maximum section lift coefficient with
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position of minimum pressure and airfoil thickness ratio for
some NACA 6-series airfoil sections with and without split

flaps; ¢; =0.2; R = 6.0 x 108,
i

_>




55

NACA RM No.

18I9A8S JOJ JOQUINU SPTOUASY UITM JUSTOTIFR00 }IT[ UOTIO8S WNUWITXBW JO UOTIBLIBA

g0T ¥ 0°9 0°6 0*Y

*gUOTIoes B8II8E-0LE VOVN (Q)

*009 PeYoaTsep sdeyy 7Ids 90Z°0 INOWTM PUB YITM SUOTIOSS TI0JITe VOVN

H ‘aeqmnu sprouley

0°¢ 0'2 0°'1 L g
o 8"
i AT NIINT
~ f\H 2'1
TTOJITw UTeTd ‘ PN 5 T e
- \Mu\\@n ’
I R = 9°1
L% r 1~ P 4 -
o7
0'2
\c\\
\\“c\w\ﬁ\ e
\a\ detJ Y3Ta TTOJITY ]
1 = gz
GT0E2 YOYN 0
21062 YOYN O
TYo3ITY
2'¢

“3U9TOTJIO00 3JTT UCTIONS wWNETXEy

m1°

-'gT aandrg

‘SUOH0es B8TIaN-H9 VOVN (B)

W ‘aequmu wprouley

90T x 0°9 0°6 o' o0'¢ 0*2 0'1 Lt G
g*
. \\AW\I.T-
TTOJITE UTRTY —fes = ‘-\H 21
I P o L
TI-F =y pagra
i 77 \MM\\\\
-1 .8
TF 9'1
4!
T
| e | g
I
o — — 02
\\ A
=y
1] — e
% L deTJ Y3 TM TTOJATY
I ot N %, | bdd
S LA g L
= eT=Etg voun v -
SIh-2h9 vovyN o
Zih-TM9 vovn @
60M-19 YoVN ©
TY0JITY
4%

Yjoome TYOJILY

‘3usToT3Ie00 37T UOTIVER WNWIXEN

m1°




NACA RM No. 18DO9

56

*SUOROIE SOLIFL-08Z VOVN (P)
¥4 ‘aequnu spTouley

‘pepnIouc) =-°gT 9andtg

‘suopoes §91I98-H9 YOVN ()
¥ ‘xequmu sproufay

90T x 0°9 o“m 0" 0 o'z 0°1 L mm. QTx 09 06 0°  0%¢ 0z 0°1 i
gTH-£19 vovN v
2°1 m STH-2H9 YOUN © 21
g Nmummuw YO¥N o
) YOVR ©
¥
6T0%2 VOYN O a TTOIITY
21052 YOVN © - m -
TTOFITY g ﬁ
= L b,
m 2 ]
0’z g o'z
A — ” Jn‘
u\_\.u\: 5 X S I
ez & 1z
\‘\I\l
[¢]
g2 g2
- 2°¢ 2°¢

ssoBnox e3pe-JutpeeT UITA TTOJITY

‘queToTJIe00 3JTT UOT3098 UMWIXeER

15




57

NACA RM No. I8D09

‘1 9ousJIsjad .ooH X G'¢ =3 °SZIS SNOLIBA
xoy sdeys 1r1ds s paddmbe T10jaTe ZT0€Z VOVN Ue J0F sxefod Jedp adoleAud -°Qg 9In3Td

1o ‘queToTJJ000 3JTT UCTI0EE
gz e oz 9T 21 8 T 0
v 0
?M<MMWKMV \\.\.\
g.
z
'/
\\W\ 80*
/
./
/7
\N\\ 21
ViR &4
IR}
\ L ]
/ 4
‘\ o — - —
\ *
g 0g* —
__\\ ON. ||||||
0T°0 .
\\ 5o
|
T -
ge*
, ri

3 ueToT7JJ902 Fvap UOTL00Q

Po




NACA RM No. 18D09

58

‘0T 9ousJILdd ‘o0 = Op -sdery 111ds pm paddmbs
SUOT}08S TIOATR TBISASS JO] OT1BI PIOYD-deld YIIM JUSTOTIIS00 3T UOTIOSS JO jUSSIOoUL
03 JUSTOTII200 JusWouI-3uTyo}id UCTIO8S JO JUSWSIOUT JO OTJeT JO UOTIEIIBA -'T7 2In31g

%5 ‘o738 paoyo-deTd
09° 04* of 0¢* oz* oT* 0

VR /

vV

oec*-

S>—0O

PdEREEN

< | Tsojpzeacsyg oy
= 2T -

0£0%2 YOVN © 90" -

N T20£2 YOYN O
ﬁ 21042 YO¥YN O

SU0T3088 TTOJITY

o+




59

NACA RM No. 18D09

Q= ¢
@4@

0T x 9°0 =¥ +s92Is snotaea J0f sdeyj 311ds a1qIsusixe yIm paddmbs {OJIIR X YIB[D

' 10] uoprsod a3ury pue uorioeTyep dery UIM JUSTONFS00 YIT WNWIXEBW JO UOT)BIIBA -'27 2andtyg

9°1

8 T

0*2

2'e

e

Sep ‘¥9 ‘uopzoeryep dBlg
mw | m: | ow 0 0% 09 of 02 w 08 09 of 0z
°00°T A \
206" v 200°T v
Mo : S wom” & womna m
oww.o w owm.o m \\\\ uwm.o o) \\
uotspsod eBuly \\ uopatsod eSuty \\\ uoTstsod afugh \\
il ¢l i
| il J
7Y /7 Y,
il v 7
, M/ /¥ /
o2 ®\ y % rowm
7 Y7/ 7 \m\ | ]
4 EN YV PansZg
7 7
] B
oo.:.o = U.H_onc .mm.?m onom.o, = v_moso detdg 002°0 = paoyo deld

9°c

JUSTOTIFO00 JJIT umwxey

[4

X‘EUJ,IO




NACA RM No. I8D09

60

17TT JO JUSWISIOUT YITM JUSTOTIFe0D uewow-3utyojld Jo juswaIdul JO UOTIBIIEA =-"EQ aandtg

o/x ‘uoy3eo0T e8uty dBTd
00°T 06° 0g8* oL omw.-
N
c// ¢r-
° I
~ .
™~
o)
1°-
0

9T 9ouaIsfe ‘o0 = Op ‘TI0jaTE
X Yae1) ® uo deyy 171ds o1qIsuslxse O0% () © JO SUOTIBOO] 93ury SNOIIBA JI0] JUSTOTFIS00

\No<
0°2 9°1 2'1 g° f°
_ _ I . _ _
200°1 A
206° v
////b 208° &
L 20L° o)
Toy N 2090 o
ANV uoaBo0T 98uly deTJd
Uoy ﬂ//
NN
~ ////////v/
e e
. N
T NN
//
)




61

NACA RM Ro. 18D09

431 3018 6\4

"uoryeandryuod derj-pe33ors-el3urs e 1dA] JO yojeNg - ‘B 8an3tyg

(43

PIoYo TFOJITE JO SUOTIOBAF 1T UGATS GUOTRUETD TTY

Lz3ue jo1g

jutod eouszejey

— W




NACA RM No. 18D09

62

‘0T x G'g=¥ *sdeqy pe1jofs snotaea yym paddmbs [105ITe ZT0EZ

VOVN oui 0] uomoarsep derf Yilm JUSToTiFe0d FIT UOTIO8S WNWITXEW JO UOTIBIIBA  -'GE aan3tg

8ep ‘Yo ‘uoryoergep derd
06 ol 111
r r - 0
:o
00°T = %o
o
2T m
2z 0¢* © )
0¢ ¢z° © g
0¢ GT'0 © @
eouazejyoy Jo 91 &
s
~
5
o
0°z o
2
s
J )
"
Q
/| 5
2 3
A - o
~J — m1
\ e
N\ A
V/ K\\ 4
/\u\ 2
(L

Sep ‘Jg ‘uotyoergep deld
of 0% 02 0T 0
0
:o
g°
g
5
¢z 2L om. v §
22 06° 0¢* © 2'1 w
61 mm. 942" O 3
6¢ ¢6*0c 010 © e
souezeyey °o ¥o i 3
o
A
x\\ g
74 :
L]
5
o'z &
4 ?
\,\\e\ \A\ E
ERRRPZY
\ o
o4 17 B
\\ \ 9
e
<] m.N
2°¢




NACA RM No. I18D09 63

c
7'l’l’l&.X.

Maximum sectlon 1ift coefficlent,
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Figure 26.- Variation of maximum section lift coefficient with
flap deflection for several NACA 6-series airfoil sections
equipped with slotted flaps,
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Figure 28.- Effect of slot-entry-skirt extension on section lift
characteristics of an NACA 66,5-116, a = 0.6 airfoil equipped

with a 0.25¢ slotted flap deflected 45°. R = 6.0 x 10°;
reference 27,
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Figure 30.- Lift characteristics of an approximate NACA 66(215)-216
airfoil section equipped with a 0.25¢ slotted flap. R = 6.0 x 105,
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(a) NACA 66,2-216,a = 0.6 airfoil with 0.25¢c slotted flap and two slot-

entry configurations. R = 5.1 x 106, 5, = 40°, reference 28.

Figure 31.- Contours of flap location for maximum section lift
coefficient for two airfoils equipped with slotted flaps.
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(b) NACA 65-210 airfoil with 0.25¢ slotted flaps and three slot-lip
locations. R=2.4 x 106, reference 32.

Figure 31.- Concluded.
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Figure 39.- Variation of ratio of increment of section pitching-
moment coefficient to increment of section lift coefficient
with flap-chord ratio for several airfoil sections with slotted
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Figure 40.- Sketch of typical double=-slotted-flap configuration.




79

NACA RM No. I8D0O9

UM SUOT}OSS TIOKITR TReISASS JO SOTISTISIOBRIRYD I U0 9ZS SUBA JO 100IIH

v
8 0 8-
* “\KL&R{\_WQ(Z(HMWWV
‘¢ Tl'2 09 lo*z &z G2 ©0001' O
mm.m g2 mm €22 §1°'T 62 96l0°0 ©
fep Bep
Ip Iy Ho LY Ay Mg Ay

ff eousaeyoy
0T x 0°9 = y TFOAT® 0T2=99 VOVN

4

7

=

91~

[¢]

0°e

frre

g'e

*sdery psjjors aTqnop

Op ‘xowvqqw Jo eTduw uofjoeg

8 0 8- 91~
o]
T2°2 €4°T 0§ L2 €f't G2 oGlor O .
T gL T 06 mm.m Fm.ﬂ Gz 99500 O K
fep Bep
38 JIx g Mg Ay g Ao
:: QouaIe IOy
g0T x 0°9 = ¥ TTOJITe gOZ-M9 YOVYN g*
Mu
kmm“ 2'1
§ xwww
[¢]
(34
5 91
~]
- 7
s,
: J 4
3 02
y
Y
[ "
5
ot
- :.N
&
82

©p ‘jow33s Jo eTBue uoyioeg
91 8 o}

-1 2an37g

66°T 20°2 0L 2L°T 66° G& oLMI* DO
60°2 09'T 09 2L°T th'o~ G2 oliT'0 O
Bep Fep.
Jg Ix Jg Ag A Ay Ay

¢t} eousaegey

90T x ¢ = 4 TTOJITe 2T0%2 VOVN

‘3ua8T0T3J800 3JIT uoIgoeg

15

g2

2'¢

9°¢

‘3ueI0TJI900 3IJIT UOT3I08S

15



80 NACA RM No. I8D09

N .870c 7)]
3.6 \ Reference point
NG ]

.795¢ — BN 9

3.2 —n

LT G OO
SN
oOT o
%
-

S
\D\\
OO

o
o
[
ol
(o]
o
o
3 L
o 1.2 S
. /
b bd
— v
o .8 z path of reference point
(o]
A / o¢ x v
/ 10 0.09l,c 0.02kc
L 7 20 .06bg .o
0 .052 016
Z D .c27 .01y
- 7 50 .003 .02%
[ ,{ , g5 -.009 .k
0 /

— r ~
AR
-.8 P
-2l -16 o} 8 16 2L
Sectlion sneie of attack, do, UeL

(a) No skirt extension. R = 2.4 X 106.

Figure 4:.- Section lift characteristics of an NACA 63,4-421 (approx.)
airfoil equipped with a double slotted flap and several slot-entry-
skirt extensions,
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Figure 42, - Continqed.
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Figure 42.- Continued.
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(d) Full skirt extension. R = 2.4 x 105,

Figure 42.- Concluded.
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Figure 43.- Contours of flap and vane positions for double slotted
flaps on several airfoil sections.
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Figure 43.- Concluded.




NACA RM No. 18D09

86

“sdery 311ds pue poRoOTS STQNOP

UITM SUOTIO8S TIOIITR VOVN [BI9ASS J0F SJUSTOTIIS0D FI[ UOTI00S WINWIXEN -°pF oan3tg
9/ ‘o0738d SBOUNOTUZ TIOJITY
2 ge* oz g1 91° T 2T oT* go*  -90° o zo* oo
I 1 v
:o
[ 0T x 6=y -mmzm o 3 8
B =99 YOVN > v
. = =59 YO¥N
- wOH x 0°9=14 , I.:W yovN Jo Mv & 2'1
SOTI08~C9 YOVN O o
— 0 %0 20 T°'0
- odhs TTOJITY o 91
S S S sdets 371dg 02
A -1
#9T208-99 —S===1— —F = se1a98-{g
- \\ _ :.N
- 4 - P \ﬂ.—u
b - . —T
B e | G -4 Y1 0z
-
i \)\ 7 A
p \ L]
1z sdeTJ De310T8 OTqnOg 2 ¢
mmlilluwwmewm KK“Vx\\\ \\k\\
9°¢

‘qQUETOTIIO00 3JTT UOTI09E UMWEXS)

pa:iig
10




5 ' ¢p SouUsI9Ie .@oH x G'g =Yy ‘der] papols ST3UTS JO $82[Ss om} pue dB[} peols
sTanop & yiIm paddmnba TiojaTe 21082 VOVN ue 107 saerod sdofoaus JO UostIedwo) =‘GH aan3rg

10 ‘3uepoTJJO0d 3JTT UOTI0e

9°¢ 2°¢ g2 e 0°2 9°1 2°'1 N Lk 0
S 0
k\k\«_m«‘z . - L\r\i‘|
| _—T~ "
\\\ .JO.
> L~ g
x\ 0
71 3
P4 @]
. . o)
-~ deTJ POI4OTE 00" — e e go*
/) daTJ pe330T8 0952° — — 3
Ve deTJy PO3JOTE 9TQNOP 0% °0 b3
Al . 8
/1 "
)
=
) [ ed
/]
] "
i

\
Py

\. , 0z

ge*

NACA RM No. 18D09
\

R i PRI




¢4

Sectlon drag coefficient,

NACA RM No. 18D09

40

.36

.28

—
h D

.2

~
\\\\J

NACA 23012 0.30c flap Reference L3 /

16—
— = — — NACA 23021 0.32c flap Reference 45 |/ /
A

7
/
1/

12 A—
|/

// -
08 <
3
- /
oy <1
-1 )
e
o] 1 i
0 N .8 1.2 1.6 2.0 2.4 2.8 3.2

Sectlion 1lift coefficient, c,

3.6

Figure 46.- Comparison of envelope polars for two airfoil sections

equipped with double slotted flaps. R = 3.5 x 106.
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Figure 47.- Section force and moment characteristics for the
double-slotted-flap arrangement on an NACA 03,4-421 (approx.)

airfoil; partial slot-entry-skirt extension (see fig. 41(b)).
R=24 x 105,
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